2.0 EXECUTI VE SUWARY

Thi s docunent presents the results of a safety eval uation of
a commerci al payl oad processing facility owed and operated by
Astrotech in Titusville, Florida. The evaluation was perfornmed
by a team of experts fromthe Ofice of Commercial Space
Transportation (OCST) and the Environnental Protection Agency
(EPA). Under the Conmercial Space Launch Act of 1984, as anended
(Public Law 98-575, 100-657), the U S. Departnent of
Transportation (DOT) is responsible for licensing and regul ati ng
U. S. comrercial space |aunch activities in a manner that protects
public safety, safety of property, and U. S. national security and
foreign policy interests, and encourages devel opnent of a viable
donestic comercial |aunch industry. Wen questions arose
concerning the safety of Astrotech's activities, the Lieutenant
Governor of Florida requested OCST to conduct an inpartial and
focused review of the payl oad processing facility and operati ons.
Because activities at Astrotech could affect safety of |icensed
| aunch operations, OCST agreed to undertake the safety
eval uati on.

The approach used in the evaluation was first to identify
the maj or concerns of the state and | ocal regulatory, planning
and energency preparedness officials, Astrotech, and the
comunity. These concerns focused on the operations, procedures
and policies in place at Astrotech to protect public health and
safety and the environnment. |Issues included building safety
design and siting, operating policies and controls, safety
systens, training, and energency preparedness and pl anni ng.

The next step was to visit Astrotech to gather specific
i nformati on concerning the buildings, operations and equi pnent,
hazardous materials handl ed on-site, safety systens and
equi pnent, and energency preparedness and planning. The visit
al l owed the evaluation teamto see the safety and contro
systens; view sone hazardous processing operations; interview key
Astrotech safety personnel; review rel evant docunents, design
drawi ngs, and permts; and interview | ocal emergency response and
pl anni ng offici al s.

After the data gathering phase, the team anal yzed the
i nformati on, evaluated safety systens, perfornmed hazards
anal yses, and identified potential risks to the public posed by
credi bl e accident scenarios that result in worst case rel eases at
the facility. The final step was to make reconmendations for
changes or additions to procedures, policies, equipnent, or
facility design that could help prevent future problens or
mtigate anticipated i npacts on public health and safety of
possi bl e accident scenarios; in addition, the evaluation team
prepared gui dance to assist in evaluating other industrial
facilities where public health and safety concerns may ari se.

This report presents the findings and recommendati ons of the



safety evaluation team wth enphasis on public health and safety
risks that could arise fromoperations at the Astrotech facility.
The team did not performa transportation risk assessnment; nor
did the team eval uate i ssues of worker safety, either during
routine operations or during accidents.

Site Overvi ew

Astrotech is a commercial payl oad processing facility
| ocated in an industrial park in the city of Titusville, Florida.
The site is about 3 mles fromthe Kennedy Space Center (KSC) and
is near an airport, offices, a manufacturing plant and a
residential housing devel opnent. The site covers approxi mately
37 acres and is divided into hazardous and non-hazardous work
areas. (Operations are conducted in the work area appropriate for
the nature of the materials invol ved.

There are six buildings on the site. Buildings 2 and 3 are
in the hazardous area and house the operations that involve the
handl i ng, storage, and transfer of solid rocket propellant,
liquid rocket propellant and explosive material. (Note: no
liquid propellants are allowed in Building 3.) The renaining
buildings (1, 1A, 4, and 5) are in the non-hazardous work area.
They contain space for offices and adm nistrative activities as
wel| as for storage of support equipnent, and for functional
testing, |eak checking, and assenbly of spacecraft prior to
hazar dous operations. Hazardous operations involve handling of
solid rocket notors; transport, transfer and |oading of liquid
propellants; and lifting, spin balancing and transporting of
fuel ed spacecraft to a | aunch pad at KSC or Cape Canaveral Air
Force Station (CCAFS). Operations are carefully schedul ed
bet ween t he hazardous and non- hazardous work areas to mnim ze
ri sks to processi ng personnel and sensitive spacecraft equi pnment
and to maxi m ze efficient processing flow

Since Astrotech is located in an industrial park, there is
sone separation between the site and residential areas. However,
concerns regardi ng accidents and potential inpacts on nearhby
popul ati ons have focused public attention on the facility and its
oper ati ons.

Facility Features

Astrotech provides a specialized facility and limted
facility support under contract to payl oad custoners who perform
the final assenbly, inspection and processing of their payl oads
prior to launch. The activities involved in preparing a payl oad
for flight typically include assenbly, |eak testing of propellant
systens, installation of other equipnent, functional testing,
cl eani ng, propellant | oading, pressurization of tanks, spin
bal ancing (if required), and nmating the satellite wth assi st
notors. These operations require special "clean roont conditions
(wth specific limts on the anbunts of dust and particles in the



air) and stringent controls on hazardous activities. Astrotech
is one of the newest payload processing facilities in the U S
and the only fully integrated one owned and operated by a
commercial entity. Thus, Astrotech has taken advantage of the
experience and know edge gai ned by the National Aeronautics and
Space Adm nistration (NASA) and the Air Force over the |ast three
decades of space launch activities to build and operate a state-
of -the-art payl oad processing facility.

Since Astrotech is a comercial concern it is subject to
federal, state and |ocal regulatory requirenents concerning such
things as fire and building safety, worker safety, energency
response and preparedness pl anni ng, waste handling and di sposal,
transportati on of hazardous materials, environnental em ssions,
and notification of accidental releases. The safety eval uation
team found that Astrotech conplied with all applicable safety,
environnental, and energency preparedness regul atory
requirenents.

The buildings in the hazardous work area of the facility
wer e designed, sited and constructed to neet Departnent of
Def ense (DoD) and Bureau of Al cohol, Tobacco, and Firearns (ATF)
expl osi ves safety standards because solid and |iquid rocket
propel l ants and expl osive materials (e.g., ignition and
separation devices) are routinely handl ed, transferred, and
install ed during payl oad processi ng operations.

Building 3 is used for the long- and short-term storage of
payl oads, solid rocket notors (containing solid propellant
classified by DoD as nmass-fire) and any other ordnance-contai ni ng
flight hardware, and other environnentally sensitive flight
hardware, as required. No liquid propellants are handl ed or
stored in Building 3.

Building 2 is used for perform ng operations considered to
be hazardous, including |oading and transfer of solid and liquid
propellant, and is designed to be a total containnent facility to
prevent the rel ease of propellant vapor or liquid into the
environment froma small release during normal operations. The
buil ding can effectively be sealed to trap propellant vapors
inside until treated. |In constructing one of the newest
facilities of its kind, Astrotech was able not only to
i ncorporate | essons |earned fromthe years of operation at NASA
and DoD facilities, but also to identify the best technol ogies
avai |l abl e, some of which had been devel oped for use in other
i ndustries or applications, and to transfer and apply these
technol ogi es to i nprove payl oad processing operations safety.

The special features and systens that were incorporated by
Astrotech and that the safety evaluation teamfound to be an
i nprovenent over ol der processing facilities are briefly
descri bed bel ow.

Vapor Cont ai nnent



Bui l ding 2 was designed and built to contain a
propel l ant | eak or spill, should one occur inside
during normal operations. The only exhaust fromthe
building is through a scrubber that treats any
propel | ant vapors generated as part of the

fuel /oxi di zer contai nnent and neutralization system
(see below). Also, arecirculation fan is installed
inside Building 2 for agitation of air and to aid in
di luting and breaki ng down of propellant vapor in the
event of a major spill in the building.

El ectrostatic Dissipation

The floor in the high bays and North Airlock in
Bui | ding 2, where hazardous processing operations are
performed, is covered with vinyl tiles, inpregnated

wi th graphite and bonded to the concrete with
conductive mastic. This dissipates static electricity
to the building grounding grids, reducing the threat of
el ectrostatic discharge that mght ignite SRV or
flammabl e |iquid propellants. This technol ogy was
originally devel oped for use in hospital operating
roons where static electricity created severe potenti al
safety hazards in dealing wth sensitive instrunents.

Spill Collection and Cont ai nnent

Propel | ant | oadi ng operations are conducted on "fueling
islands,” which are in the center of a work area and
are surrounded by a stainless steel collection trench
t hat sl opes underground and drains to the contai nnent
and neutralization tanks outside the building
(described below). |If a spill occurs, it is directed
into the trench drai nage system confining the spil
and nmaki ng cleanup easier. In the event of a fuel
spill involving a fire, the trench system woul d al so
serve to confine the fire to the fueling island and
hel p prevent its spread to other areas.

Fuel / Oxi di zer Cont ai nnent _and Neutrali zation

There is a containment system consisting of oxidizer
and fuel hol ding tanks, separated by appropriate
val vi ng and manual | y-sw tched pi ping connected to a
vapor scrubber. The scrubber is operated under a
permt fromthe Florida Departnment of Environnental
Regul ati on (DER) for anhydrous hydrazi ne, nononethyl
hydrazi ne and nitrogen oxides. Followng a conplete
processi ng operation, the contents of the tanks are
neutralized, and after testing by the city, are

di scharged to the city of Titusville sewer.

Renpte Visual Access To Hazardous Operations



Since Astrotech nonitors all hazardous operations that
are perfornmed by its payl oad custoners, expl osion-proof
observation wi ndows were installed between the control
roons and bays in Building 2 to reduce the nunber of
personnel in the bay during propellant sanpling and

| oading. This allows safety and quality control
personnel required to observe and nonitor hazardous
operations to do so without being physically present in
t he bay.

Pre- Acti on Suppression System

A conputer-controlled fire suppression system was
installed that has conpressed air in the lines,

mai ntaining a "dry pipe" condition. Activation of this
pre-action systemrequires two independent events:
first, snoke/ heat detection alarmsignal fromany of
the detectors nounted in the bays, airlocks, or the
heating, ventilating and air conditioning (HVAC) system
or froma manual pull station; and second, sufficient
heat to nelt the fusible link in the sprinkler head.
The first opens a valve releasing the water to the
sprinkler system the second rel eases the water from
the sprinkler head to wet the area. This system design
provi des sone special protection for sensitive payl oads
and ot her equipnment in case there is a false alarmor
ot her problem

Conput er Mbnitoring of Al arns

Alarnms are automatically sent to the guard house at the
front gate via conputer link for various paraneters and
systens including: tenperature and humdity (HVAC
systen), loss of air pressure in the pre-action fire
suppression system toxic vapor detector alarm toxic
vapor detector status problem such as |ow battery or a
tape break, generator failure, and an automatic or
manual fire alarm The al arm panel indications

di splayed to the guard allow pronpt identification of
potential problens and notification of appropriate
personnel .

Vapor Detectors

Astrotech nonitors atnospheric conditions in Building 2
using state-of-the-art portable toxic vapor detectors
to suppl enent the nore conventional vapor analysis
techni ques used (Draeger tubes). Vapor nonitoring is
done at all tines that liquid propellant is in the

buil ding. These detectors are extrenely sensitive and
are m croprocessor-controll ed for speed, accuracy and
specificity. The detectors are encased in speci al

expl osi on-proof clear plastic boxes for use in

fl ammabl e/ potentially expl osi ve at nospheres.



Safety Policies and Requirenents

Astrotech has strict safety policies and operating
procedures for the use of its facility and support equi pnent by
its payload custonmers. Because of the high value of their
satellites, Astrotech's payl oad custoners al so have stringent
internal safety requirenents. So there is to sone extent a
system of safety redundancy and crosschecks between Astrotech and
its payload custonmer, with each having considerable interest in
ensuring safe and efficient processing operations.

Payl oad custonmers are required to provide detail ed techni cal
data and operating procedures for all hazardous operations.
Astrotech reviews and approves these procedures prior to
initiation of operations. Additional Astrotech safety
requi renents include such things as training and certification of
propel l ant handling teanms, scheduling and coordinating al
hazar dous operations through Astrotech, and safety nonitoring by
Astrotech and customer safety and quality control personnel of
al | hazardous operations schedul ed for a specific payl oad.

Astrotech's safety requirenents are detailed in two
operating docunents, Safety Policy and Safety Standard Qperating
Procedures, which identify what is required of the payl oad
custonmer by Astrotech in ternms of information concerning support
equi pnent (e.g., pressure systens, electrical systenms, tanks and
lines); certification standards; operating procedures and safety
requi renents for perform ng hazardous operations (e.g., ordnance
checkout and installation, propellant |oading); baseline weather
conditions for conducting operations; requirenents for lifting
and transporting spacecraft; and accident reporting.

Emer gency Preparedness and Pl anni ng

Astrotech has a witten enmergency plan that addresses
ener gency response procedures for incidents that nay occur either
at the facility or while transporting liquid propellant from and
returning any excess to the storage facilities at KSC and CCAFS.
The plan was updated in 1988 and is considered an adequate
docunent for dealing with energencies that could occur. Since it
began operations in 1984, Astrotech has never had a release in
whi ch reporting to or alerting of energency response agenci es has
been necessary.

Astrotech has worked closely wth [ocal, county and state
energency response and planning officials in famliarizing them
with the facility, its safety systens, the types of operations
that are perfornmed, the materials that are handled and their
hazards, and the personal protective equi pnent necessary for
per sonnel responding to energency situations. The public safety
officials interviewed by the eval uati on team gave Astrotech high
marks for their efforts in these areas.

Hazards Anal yses and Ri sk Assessnent



The overall goal of this evaluation was to identify
potential risks to the public fromaccidents that coul d occur at
Astrotech. The hazards anal yses were perfornmed by review ng the
facility design, operations and procedures and then defining
possi bl e acci dent scenarios that could produce a hazard to the
public. In this evaluation, a scenario leading to a fire and
explosion in Building 2 was the baseline for defining accident
scenarios that could potentially affect the public. For each
acci dent scenario that could produce inpacts on the public an
estimate of the probability of its occurrence was nmade and the
potential consequences described. For each potentially hazardous
condition, those facility design features and operating
procedures that could mtigate the hazard and reduce the
associated risk were also considered in nmaking the probability
estimates. Any residual risk to the public was then identified.

In performng this assessnment, the evaluation team
determ ned credi ble accident scenarios, regardl ess of how
unlikely, which could result in the |argest potential negative
i npact on the public. |If these scenarios produce no significant
negati ve inpacts on public health and safety, any | esser accident
can al so be assuned to have no negative inpacts. Hazards
anal yses and ri sk assessnents require assunptions and data inputs
to nodel s which attenpt to predict the results of physical
phenonena |ike fires, explosions and the rel ease and di spersion
of toxic gases in the atnosphere. The evaluation team nade
"conservative" assunptions and used conservative or worst case
data inputs for these analyses. This neans that the assunptions
and data inputs err on the side of protecting public health and
safety. Therefore, the actual inpacts, if an accident were to
occur, would likely be considerably | ess than those predicted.

The results of the analyses indicated that a worst case
rel ease is caused by a fire and explosion invol ving the maxi mum
gquantities of liquid propellant permtted on site (2,500 pounds
of fuel; 5,000 pounds of oxidizer) and the maxi num anount of
solid propellant on site (24,600 pounds fromthe expl osive safety
siting anal yses), that danage or destroy the walls and/or ceiling
in Building 2. Gases not consuned in the fire and expl osion
could then disperse and diffuse in the direction of the
prevailing w nds.

The probability that any of the identified credible accident
scenarios will occur and result in the worst case release is
renote (about 2 x 104, on the order of two such accidents per
10, 000 conpl ete payl oad processing operations. At an average
processing rate of ten payl oads per year, the probable frequency
of such an accident is approximately once in 500 years. In
Gover nment payl oad processing facilities, with many years of
conbi ned operating experience, accident scenarios of the severity
anal yzed in this evaluation have never occurred. So, the safety
eval uation team conservatively estinmates that even applying an
uncertainty factor, the nmaxi mum frequency of the worst case
rel ease woul d be once every 100 years.



The consequences associ ated with these accidents are
extrenely difficult to predict since there are no mat henati cal
nodel s that take into account fire and explosion inside a
bui |l di ng, followed by damage to the building allow ng rel ease of
toxi c gases. Thus, conservative estinmates for the anount of
propellants involved in the initial accident were nmade. Al so,
conservative assunptions were nmade based on actual accident
experience, regarding the anounts of propellant that woul d be
available to be released (i.e., not consuned in the fire and
explosion). Typical anbient tenperature and humdity were
assuned, along with conservative w nd conditions. These
estimates resulted in very conservative (protective) estimates of
t he concentrations of toxic gases that could result in the nearby
at nosphere.

Acci dent consequences, including ground | evel concentrations
of toxic gases and overpressure effects of explosions, were
exam ned to estimate any risk to the public. The anal yses
i ndi cated that no explosion effects, including primary
overpressure effects and secondary effects such as gl ass breakage
and flying debris, would occur beyond the facility boundary.

To quantify the hazard fromtoxic gases, it is inportant to
use a standard neasurenment for airborne toxic hazards. The
| medi atel y Dangerous to Life and Health (I DLH) concentration set
by the Cccupational Safety and Health Adm ni stration/ Nati onal
Institute of Cccupational Safety and Health (OSHA/ NI OSH) was
selected for this analysis. An IDLH set at a specific value for
a particular chemcal, is the maxi num concentration that one
could inhale for thirty mnutes, and still not experience escape-
inmpairing synptons or irreversible injury. Thus, both exposure
concentration and duration are inportant considerations in
eval uating effects. EPA uses the IDLH as a basis for perform ng
hazards analysis for community planning, but in order to be
protective of the general popul ation has defined a "Level of
Concern" (LOC) for a chemcal as 10%of its |IDLH

The safety eval uation team conpared the predicted ground
| evel concentrations of all resulting toxic vapors (hydrazine;
nitric acid, fromdissociation and reaction of oxidizer; and
hydrochl oric acid, fromthe burning of a solid rocket notor
[SRM) to their IDLH values. The hydrazine concentration outside
the facility boundary is never predicted to be above the 10% | DLH
level. Ntric acid and hydrogen chloride concentrations outside
the facility boundary are never predicted to be above the
50% I DLH | evel s, and their concentrations will diffuse to bel ow
the 10% I DLH | evel s wthin approximately 860 feet and 1, 225 feet
of downw nd travel, respectively. At all locations outside the
facility boundary, even with a conservative assunption of | ow
w nd speed, the exposure duration would be |ess than a m nute.
There woul d be no adverse inpacts on the public from exposures at
t hese concentrations for such brief durations.

Thus, a worst case release, which has only a renote



possibility of occurring at the facility, would have no adverse
i npacts on public health and safety.

Fi ndi ngs

Overall Astrotech appears to have taken every reasonable
precaution in designing and constructing a facility which is safe
for those |iving and working nearby and in inplenenting the
policies and operating procedures that have been successfully
used by DoD and NASA for many years. The owners conm ssi oned
several safety studies, both to site the buildings on the
property initially and before design and construction changes for
nmodi ficati ons were approved. Astrotech has also tried to
identify and incorporate effective safety, nonitoring, and
detection features into the facility.

Fi ndi ngs Regardi ng the Buildings and Operating Procedures

The buil di ngs where hazardous materials are handled are
separated fromthe public and fromthe non-hazardous
wor k areas by di stances determ ned using DoD and ATF
expl osives siting criteria.

The buil dings and equi pnent are state-of-the-art design
and quality.

Building 2 is designed and operated to mnimze the
risk to the public fromany potential rel eases of
propel l ant vapor or liquid that could result froma
spill occurring inside the building. The containnent
and scrubber systens provide protection to the public
fromany incidental exposures during routine
oper ati ons.

The physical facility and equi pnent conpare favorably
with Governnent facilities that serve siml ar
functi ons.

Prior to and during operations, policies and procedures
are in place to ensure safety. These include attention
to all aspects of operations, equi pnment mai ntenance and
certification, personnel training, and safety systens.

The formal, docunmented procedures for processing
payl oads neet all accepted standards as applied by
i ndustry, DoD and NASA.

No reportable accidents or incidents have occurred at
Astrotech since it began operations in 1984.

Astrotech has continued to update equi pnent and is
commtted to mnimzing the generation of hazardous
waste, as evidenced by the recently ordered cl osed-1oop
still for processing and recycling contam nated freon.



Fi ndi ngs Regardi ng Energency Response and Preparedness

Astrotech has an adequate witten energency response
pl an.

Astrot ech has been cooperative and interactive with
| ocal and county energency response and preparedness
of ficials.

Procedures and equi pnent are in place to protect
wor kers in hazardous situations, to assenble the
facility energency response teamshould it be
necessary, and to call for off-site assistance as
required.

Results of Hazards Anal yses

| f an explosion were to occur in Buildings 2 or 3, the
public woul d not be exposed to any primary expl osion
effects fromoverpressure, flying fragnents, or fire.

The worst case accident scenarios, which involve a fire
and explosion in Building 2, result in no adverse
i npacts on public health and safety.

Recomendat i ons

In this section, the evaluation team outlines areas needing
addi ti onal evaluation and attention by Astrotech to further
enhance the safety of its facility and operations. These
recommendati ons can be generally divided into those directed at
the systens, equipnent, and operations; those dealing with
policies and procedures; and those dealing specifically with
ener gency preparedness and pl anni ng:

Systens, Equi pnent, and Operations

Evaluate the feasibility and safety of nodifying the
sequence of processing operations dealing with |oading
liquid propellants, lifting and mating the satellite
with the SRM pressurizing tanks, and spin bal ancing
operations so that the operations sequence mnimzes

t he chance of a worst case rel ease.

Provi de additional comunication capability for cart
storage roons (e.g., telephones or direct connection to
t he guard house).

Policies and Procedures

I ncl ude operational sequencing limtations for
propellant loading in the Safety Standard Operating
Procedure (SOP).



Devel op witten guidelines for necessary activities

follow ng an "uncontroll able"” spill including a
definition of incident(s) that initiate an
uncontrol |l able spill, activities that need to be done

to mtigate and evacuate the area, and the steps and
requirenents for re-entry.

Specify with nore detail the criteria considered for
proper training and certification of custoner
personnel .

Emer gency Preparedness and Pl anni ng

Provide additional clarification of personnel
assi gnnents, especially regardi ng an assi gned back-up
to the Safety Oficer.

Expand the enmergency contacts list to include critical
contacts beyond the 911 system (e.g., the county

emer gency managenent director), and the phone nunbers
and contact person for the nearest industrial

nei ghbors.

Add the Superfund Amendnents and Reaut hori zation Act
(SARA) Title Ill reporting requirenents for information
to be furnished in the event of a release to the plans
and procedures.

Performa sinul ated exerci se of the enmergency response
plan with enmergency responders, even if only a table-
top exerci se.

Qui del i nes

The safety evaluation teamfound that in the process of
evaluating the Astrotech facility, there were generic guidelines
that could be outlined in order to assist communities and | ocal
response and planning authorities in evaluating the overal
safety of industrial facilities. It nust be noted that these
guidelines are not ained at the Astrotech facility itself; in
fact, in many of the areas identified, Astrotech can provide a
nodel for proper inplenentation.

It is helpful to coordinate early in the design process with
| ocal planning officials, recognized safety experts, and ot her
facilities with simlar functions, so that the original
construction can incorporate as many safety features as possible.
For exanpl e, because the Astrotech facility is sited to neet
expl osi ve safety distance siting criteria, the public is
protected fromthe primary effects of expl osions.

A conprehensi ve safety program shoul d i nclude operating and
mai nt enance control s, training, docunentation and record keeping,
and internal audits and inspections. Because the safety program



is a key factor in protecting the public and the environnent, the
community may want to consider establishing a nonitoring program
where an external expert regularly inspects a facility and
observes operations to ensure that all aspects of the safety
program are i npl ement ed.

Along with community energency planning officials, it is
inportant for facilities to establish an energency response pl an.
In order to increase the effectiveness of such a plan, the
community and facility should work together to identify facility
hazards, determ ne |likely accident scenarios, inplenent
procedures that mnimze the |ikelihood and severity of such
accidents, and finally plan how to respond in the event of an
accident. Because hazardous materials are necessary for many
aspects of industrial processes, it is inportant that facilities
and communities work together to prevent or mnimze accidents.






